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DISPERSION MAP FOR SLOPE COMPENSATING FIBERS 

This application claims the benefit of U.S. Provisional Patent Application 
Number 60/230,942, filed September 6, 2000. 



FIELD OF INVENTION 

This invention relates to an optical transmission system with an improved 
dispersion map and corresponding method. The transmission system and method 
particularly applicable to long haul submarine transmission systems. 

BACKGRO UND OF THE INVENTION 

Nonlinear optical effects such as four-wave mixing (FWM) and Cross-Phase 
Modulation (XPM) can degrade the optical signal transmission through long-haul 
optical networks. Increasing the dispersion in the fibers decreases both FWM and 
XPM. Dispersion causes broadening in transmitted optical pulses due to the difference 
in transmission speeds of light at different wavelengths. Because the pulse is 
broadened, the power density is decreased over the pulse, and thus optical effects which 
are non-linear in power density are reduced. 

Dispersion units are typically given as picoseconds/nanometer-kilometer 
(ps/nm-km), where the kilometer units correspond to the length of the fiber. The 
dispersion product of a span of fiber is a measure of the dispersion accumulated over 
the span. The dispersion product for a fiber of length L with a dispersion D is the 
product of L and D, i.e., L-D. Thus, the dispersion product of a span of fiber having 
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individual section of length U and dispersion D f is the sum of the individual dispersion 
products 2 L; • Dj. 

While dispersion reduces nonlinear effects such as FWM and XPM, the accumulated 
dispersion in these long-haul systems must be compensated. In long-haul repeatered 
transmission systems using optical fibers, the interplay of the accumulation of large amounts 
of the chromatic dispersion and self-phase modulation (SPM), creates noise and distortion 
in the optical system. Dispersion maps, i.e., the dispersion as a function of the transmission 
distance, attempt to minimize the effects of chromatic dispersion. 

Current submarine transmission systems generally have span lengths in the 45-50 
km range and use a dispersion map which provides an average dispersion at a wavelength of 
1560 nm that is approximately -2 ps/nm-km in the approximately 90% of the transmission 
spans. The negative dispersion fibers used in those spans may be single fiber types or 
combinations of two fibers, in which case the fiber following the amplifier has a larger 
effective area to reduce nonlinear effects and die second fiber has a lower dispersion slope. 
The dispersion slope of a fiber is the change in the dispersion per unit wavelength. After 
approximately 10 spans, the accumulated negative dispersion is then compensated at a given 
wavelength by an additional span of single mode fiber (SMF). We denote the combination 
of the approximately 10 negative dispersion spans with the compensating span of SMF as a 
block. 

Figure 1 shows the accumulated dispersion at the end channels for a 64 channel 
system with end channels having wavelengths of 1535 nm and 1561 nm. The dispersion 
map in Figure 1 has a period of 520 km, which is compatible with typical distances of 
recirculating loop test-beds used to characterize the performance of the fibers. In this 
system the accumulated dispersion at a wavelength between the end channels is brought 
back to zero after nine spans of negative dispersion fiber. However, the accumulated 
dispersion is not compensated at other wavelengths. 

The primary drawback to the dispersion map for the system of Figure 1 is that the 
transmission fibers all have positive dispersion slope, which leads to the rapid accumulation 
of large dispersion differences across the channel plan. In other words, the accumulated 
dispersion varies substantially over the channels which have different corresponding 
wavelengths. The dispersion is kept close to zero only at the wavelength, between the end 
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channels, that is compensated by the periodic insertion of SMF. The difference between the 
accumulated dispersion of the end channels in Figure 1 is over 2000 ps/nm after 1040 km. 
For a typical submarine transmission distance of 6000 km, the accumulated dispersion or 
dispersion product would be over 10,000 ps/nm. This can be partially mitigated through the 
use of pre-compensation and post-compensation fibers. However, the propagation of more 
channels or over longer distances is prohibitively difficult with this dispersion map! 

BRIEF SUMMARY OF THE INVENTION 

An advantage can be achieved if the fibers in an optical transmission system can be 
arranged to yield an average chromatic dispersion near zero for all the channels having 
wavelengths within the transmission wavelength range. However due to XPM effects, the 
average dispersion of each channel should be substantially different from zero in each 
transmission span, but should be periodically compensated to limit the accumulated 
dispersion. This dispersion compensation scheme should result in an increased number of 
channels over long distances for transmission applications which use a number of channels 
for transmission, such as wavelength division multiplexing (WDM). There are also 
significant cost savings in the elimination of most of the dispersion compensation at the 
transmitter and receiver ends of the transmission system. 

One embodiment according to the present invention is an optical transmission 
system. The optical transmission system includes optical fiber and transmits in a 
predetermined wavelength range bounded by a first wavelength and a second wavelength 
and having a substantially central wavelength. The system comprises a series of consecutive 
blocks of optical fiber, the consecutive blocks optically coupled to each other. Each 
consecutive block of optical fiber comprises a first series of N spans of optical fiber 
optically coupled to each other, where N> zero, the spans of the first series arranged 
consecutively; a second series of M spans of optical fiber optically coupled to each other, 
where M> zero, the spans of the second series arranged consecutively; and a third series of 
O spans of optical fiber optically coupled to each other, where 0> zero and N+O^ 2, the 
spans of the third series arranged consecutively, the first, second, and third series arranged 
consecutively. The individual dispersion products of the first, second, and third series are 
substantially not zero at each of the first, substantially central, and second wavelengths, and 
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the sum of the dispersion products of the first, second, and third series is substantially zero 
at each of the first, substantially central, and second wavelengths. The optical transmission 
system may also include a plurality of optical amplifiers that are positioned before each span 
to amplify the optical signal. 

It will be understood, that fiber spans in addition to those forming the spans of the 
series can be configured to shape the pulses or compensate the optical signal dispersion. For 
example, a first set of fiber spans may be placed near the transmitter to broaden the optical 
pulses, thereby reducing both intra-channel and inter-channel non-linear effects. In an 
advantageous embodiment, the effect of the first set of fiber spans can be removed or 
compensated by a second set of fiber spans placed near the receiver. 

Another embodiment according to the present invention is an optical transmission 
system. The optical transmission system includes optical fiber and transmits in a 
predetermined wavelength range bounded by a first wavelength and a second wavelength 
and having a selected wavelength and a substantially central wavelength. The system 
comprises a series of consecutive blocks of optical fiber, the consecutive blocks optically 
coupled to each other. Each consecutive block of optical fiber comprises a first series of N 
spans of optical fiber optically coupled to each other, where N> zero, the spans of the first 
series arranged consecutively, a second series of M spans of optical fiber optically coupled 
to each other, where M£ zero, the spans of the second series arranged consecutively; and a 
third series of O spans of optical fiber optically coupled to each other, where 0> zero and 
N+0> 2, the spans of the third series arranged consecutively, the first, second, and third 
series arranged consecutively. The individual dispersion products of the first, second, and 
third series are substantially not zero at the substantially central wavelength, the sum of the 
dispersion products of the first, second, and third series is substantially zero at the selected 
wavelength, and the average dispersion slope in each block at the selected wavelength is 
between -0.01 and 0.01 ps/nm 2 -km. The optical transmission system may also include a 
plurality of optical amplifiers that are positioned before each span to amplify the optical 
signal. 

According to another aspect of the invention, methods of transmitting an optical 
signal between a transmitter and a receiver in a predetermined wavelength range bounded by 
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a first wavelength and a second wavelength are provided corresponding to the above optical 
transmission systems. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Figure 1 is a graph showing the accumulated dispersion as a function of transmission 
distance at the end channels for a conventional 64 channel system. 

Figure 2 is a schematic of an optical transmission system according to an 
embodiment of the invention. 

Figure 3 is a schematic of an embodiment of the invention where the first, second 
and third series of spans are present. 

Figure 4 is a schematic of an embodiment of the invention where only the first and 
second series of spans are present. 

Figure 5 is a schematic of an embodiment of the invention where only the second 
and third series of spans are present. 

Figure 6 is a graph showing the accumulated dispersion as a function of transmission 
distance for the end wavelengths of a transmission range for one example of the 
embodiment of Figure 5 . 

Figure 7 is a schematic of an optical transmission system according to an 
embodiment of the invention where the dispersion slope is not perfectly compensated in 
each block. 

Figure 8 is a graph of the accumulated dispersion for the system of Figure 7. 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 

Figure 2 is a schematic of an optical transmission system according to an 
embodiment of the invention. The transmission system includes a transmitter 10 that 
transmits optical signals to a receiver 12 through a series of blocks 14 of optical fiber. The 
optical signals are transmitted over a number of channels, each channel having a different 
wavelength in a chosen wavelength range bounded by end wavelengths (or channels). The 
transmission wavelength range is preferably within a wavelength range appropriate for long 
haul transmission. The transmission wavelength range may be within the range of 1500 to 



WO 02/21173 



PCT/USOl/20270 



-6- 

1630 nm, for example. The transmission system may transmit the optical signals through 
channels by WDM, for example. 

The blocks 14 of optical fiber are arranged between the transmitter 10 and receiver 
12 such that the transmitter is optically coupled to a first block of the series of blocks of 
5 optical fiber. The first block is the block adjacent the transmitter 10. In operation, the 

transmitter 10 launches an optical signal into the first block. The receiver 12 is optically 
coupled to the last block of the series of blocks adjacent the receiver. The receiver 12 
receives the optical signal transmitted through the last block. The blocks 14 of the series of 
blocks are arranged consecutively and are optically coupled to each other. Each block 

10 contains three or more spans of optical fiber 

Details of a block 14 of the series of blocks according to one embodiment of the 
invention are shown in Figure 3. The block 14 is divided into three sections, a first series 
20, a second series 22, and a third series 24 of spans. The spans in each of the series are 
arranged consecutively. The first series, second series, and third series have N, M, and O 

15 spans, respectively, where N> zero, M>zero, and O > zero. The total number of spans in the 

first and third series, N+O, is greater than or equal to 2, i.e., there are at least 2 spans total in 
the first and third series. When the first or third series has zero spans, that series is not 
included in the optical transmission system. The optical transmission system may also 
include a plurality of optical amplifiers 16 that are positioned before each span to amplify 

20 the optical signal if amplification is desired or required. 

The respective spans 30 and 34 of the first and third series 20 and 24 may have, for 
example, a fiber length ranging from 20 to 100 km. The fiber length of an entire block may 
be, for example, in the range of 300 to 700 km. 

It is expected that typically the total number of spans in the first and third series will 

25 be larger than the number in the second series. Typically only one or two spans in the 

second series will be sufficient to compensate for accumulated dispersion in the first and 
third series, i.e., M is typically equal to one or two. The total number of spans in the first * 
and third series, N+O, may be, for example, in the range of seven to ten. 

The dispersion map of the blocks according to one aspect of this embodiment is as 

30 follows. The optical transmission system transmits in a wavelength range bounded by end 

wavelengths, i.e., a first wavelength and a second wavelength. The wavelength range also 
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includes a substantially central wavelength located substantially centrally between the first 
and second wavelengths. The individual dispersion products (accumulated dispersion) of 
each individual series of spans is substantially not zero at each of the first, second, and 
substantially central wavelengths. In general, it is desirable that an optical signal pulse 
traveling through the optical transmission system will encounter dispersion at each channel 
wavelength to avoid nonlinear effects. 

While the individual dispersion product of each series of spans is substantially not 
zero, the sum of the dispersion products of the first, second and third series is substantially 
zero at each of the first, substantially central, and second wavelengths. Thus, the block 
compensates for dispersion not only at the substantially central wavelength, but also at the 
end wavelengths of the transmission wavelength range. In general, this will mean that the 
block will compensate for accumulated dispersion for all of the wavelengths in the 
transmission range. 

It is preferred that the second series has a dispersion product which is opposite in 
sign to the sign of the dispersion products of the first and third series. Thus, the second 
series acts to compensate for the accumulated dispersion in the first and third series. If the 
sum of the dispersion products of the first and third series is negative, the dispersion product 
range may be, for example, from -300 to -3000 ps/nm. More preferably the range is from - 
800 to -1500 ps/nm. If the sum of the dispersion products of the first and third series is 
positive, the dispersion product range maybe, for example, from 300 to 3000 ps/nm. More 
preferably the range is from 800 to 1500 ps/nm. 

The respective spans 30, 32, and 34 of the first 20, second 22, and third 24 series 
may in general comprise more than one type of fiber. For example, each span 30 of the first 
series 20 may comprise a SMF with a positive dispersion at the substantially central 
wavelength and a slope compensating fiber (SCF) with a negative dispersion at the 
substantially central wavelength such that the dispersion product for each span 30 is 
negative. The SMF and SCF fibers may be optically coupled directly or via an intermediate 
fiber to reduce the splice loss. Likewise each span 34 of the third series may comprise 
similar fibers to those in the spans 30 of the first series 20. In this case, each span 32 of the 
second series 22 may comprise substantially only a single mode fiber with positive 
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dispersion at the substantially central wavelength. Thus, the spans 32 of the second series 
22 will compensate for the accumulated dispersion of the first and third series 20 and 24. 

Alternatively, each span 30 of the first series 20 may comprise a first fiber with a 
positive dispersion at the substantially central wavelength and a second fiber with a negative 
dispersion at the substantially central wavelength such that the dispersion product for each 
span 30 is positive. The SMF and SCF fibers may again be optically coupled directly or via 
an intermediate fiber to reduce the splice loss. Likewise each span 34 of the third series 24 
may comprise fibers similar to those in the span 30. In this case, the spans 32 of the second 
series 22 may comprise substantially only a single mode fiber with negative dispersion at the 
substantially central wavelength. Again, the spans 32 of the second series 22 will 
compensate for the accumulated dispersion of the first and third series 20 and 24. 

The spans 30 and 34 of the first and third series may have the same dispersion 
product at the end wavelengths and substantially central wavelength. However, this is not 
required. The spans of the first and third series may also have different dispersion products. 

Preferably, the ratio of the dispersion and dispersion slope, i.e„ the change in 
dispersion slope per unit wavelength of light, is approximately equal for the fibers in the 
spans. This allows for the total compensation of dispersion for each channel in each block. 

Figure 3 shows an embodiment of the invention where both the first and third series 
20 and 24 of spans are present. In the embodiment of Figure 3 the number of spans, N and 
O, respectively in the first and third series may be three, for example, and the number of 
spans in the second series 22 may be one, for example. The optical transmission system of 
Figure 3 may also include a plurality of optical amplifiers 16 that are positioned before each 
span to amplify the optical signal if amplification is desired or required. 

Alternatively, the third series 24 may be omitted, as shown in the embodiment of 
Figure 4 where only the first and second series 20 and 22 are present. Thus, in the 
embodiment of Figure 4 the number of spans O in the third series 24 is zero. In this 
embodiment the dispersion product for the second series 22 has substantially the same 
magnitude and is opposite in sign to the dispersion product for the first series. The optical 
transmission system of Figure 4 may also include a plurality of optical amplifiers 16 that are 
positioned before each span to amplify the optical signal if amplification is desired or 
required. 
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As another alternative, the first series 20 may be omitted, as shown in the 
embodiment of Figure 5 where only the second and third series 22 and 24 are present. Thus, 
in the embodiment of Figure 5 the number of spans N in the first series 20 is zero. In this 
embodiment the dispersion product for the second series 22 has the same magnitude and is 
opposite in sign to the dispersion product for the third series 24. The optical transmission 
system of Figure 5 may also include a plurality of optical amplifiers 16 that are positioned 
before each span to amplify the optical signal if amplification is desired or required. 

Figure 6 shows the accumulated dispersion as a function of transmission distance 
for the end wavelengths of a transmission range for one example of the embodiment of 
Figure 4. In this embodiment, the first block ends at approximately 500 km, and the second 
block then begins as noted by the dotted line. The end wavelengths are 1535 nm and 1561 
nm. The accumulated dispersion at 1535 nm is shown as a line with closed circles between 
spans for illustration. The accumulated dispersion at 1561 nm is shown as a line with 
closed triangles between spans for illustration. As seen in Figure 6 the dispersion at 1535 
nm almost exactly tracks the dispersion at 1561 nm throughout the block. 

The total dispersion for the end channels is shown in Fig. 6 for a system containing a 
first series of spans that is compensated by a second series of spans at the end of the block. 
This particular system has 64 channels in between 1535 and 1561 nm, but the dispersion 
map may be applied to different bandwidths and channel spacings. The average dispersion 
for the beginning, end and substantially central wavelength of the first series of spans is 
negative, but is completely compensated by the second series of spans. The dispersion of all 
channels in this system move in unison and there is no net dispersion or dispersion slope. 

In this example the number of spans in the first series of the first block is ten, and 
the number of spans in the second series is one. The first series in this example has a total 
fiber distance of approximately 450 km. The single span of the second series begins at 
approximately 450 km and ends at approximately 500 km, i.e., a span of approximately 50 
km. 

In this example it can be seen that the dispersion product for each of the spans 30 in 
the first series 20 is slightly negative. The preferred range is between -1 and -3 ps/nm-km. 
The positive dispersion product of the single span 32 of the second series 22 completely 
compensates for the sum of the dispersion products of the ten spans of the first series 20 at 
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both the end wavelengths of 1535 and 1561 nin. Thus, the entire range of wavelengths 
between the end wavelengths should likewise be compensated. Figure 6 also shows a 
second block beginning at the end of the first block at a transmission distance of 
approximately 500 km. 

5 It is preferred that if fibers with different effective areas are used, the fibers with the 

largest effective areas are arranged immediately after the amplifiers 16 shown in Figures 3- 
5. This is because the power density of the transmitted optical pulses should be the greatest 
immediately after amplification. Because the power density will be the greatest at that 
location immediately after amplification, non-linear effects will also be the greatest. Large 
1 0 effective areas will reduce the power density and thus non-linear effects. Thus, it is 

preferred that the fibers with the largest effective area are arranged immediately after the 
amplifiers 16. 

If SMF and SCF are used in the systems, it is expected that the SMF will be arranged 
immediately after the amplifiers 16. Typical SMF used for long haul transmission have a 

1 5 larger effective area than typical SCF. For example, SMF typically have an effective area of 

greater than 80 ^im 2 while SCF fibers typically have an effective area in the range of 20-35 
Jim 2 . The larger effective area of the SMF immediately after amplification will reduce the 
power density and thus nonlinear effects. Of course if the SCF used have a smaller effective 
area than that of the SMF used, the SCF would preferably be placed immediately after the 

20 amplifier. 

Figure 7 shows an embodiment of the invention where the compensation is not 
perfect for each block, considered in isolation. Figure 7 shows a total of twelve blocks in 
the system. Of course the number of blocks may also be more or less than twelve. The 
transmitter 10 is positioned before the first block 14a and the receiver 16 is positioned after 

25 the last block 14b in Figure 7. Because the dispersion is not completely compensated for in 

the range of transmitted wavelengths, one or more fiber spans 40 compensate the dispersion. 
The last fiber spans 40 are disposed between the last block 14b and the receiver 16. 
Alternatively or concurrently, a first set of spans (not shown) may be disposed between the 
transmitter 10 and the first block 14a to compensate for some or all of the dispersion. As is 

30 mentioned above the optional set of fiber spans located between the transmitter and the first 

block can be configured to advantageously shape (for example broaden) the pulses. 



WO 02/21173 



PCT/US01/20270 



-11- 

Figure 8 is a graph of the accumulated dispersion for the system of Figure 7 with less 
than optimal dispersion compensation for each block, considered in isolation. While the 
preceding embodiments (other than the embodiment of Figure 7) have perfect compensation 
in a block, i.e., the total dispersion product in a block is substantially zero for both of the 
end wavelengths and all the wavelengths between. It is contemplated that the blocks may 
have some slight residual dispersion or dispersion slope. Figure 8 illustrates the 
accumulated dispersion for such a system. 

The dispersion map shown in Fig. 8 is for a 64 channel system which contains a 
second series of spans in the center of a block containing a first and third series. The 
average dispersion slope of the spans in the first and third series is zero, and the second 
series of spans compensates the dispersion at a substantially central wavelength bounded by 
the beginning and end wavelengths. The positive dispersion slope of the second series of 
spans produces a net positive dispersion slope in each block that is evident from the increase 
in the dispersion difference between the beginning and end channels with increasing 
distance. 

It can be seen in Figure 8 that the difference in dispersion between the end 
wavelengths of 1535 nm and 1561 nm continues to increase over the transmission distance. 
The accumulated dispersion at 1535 nm is shown as a line with closed circles between spans 
for illustration. The accumulated dispersion at 1561 nm is shown as a line with closed 
triangles between spans for illustration. In Figure 8, the accumulated dispersion over a total 
of twelve blocks is shown. As mentioned above, the total number of blocks may be 
different than twelve. As seen in Figure 8 the difference in the accumulated dispersion at 
the end wavelengths at the end of the last block is about 235 ps/nm after 1040 km. The 
dispersion of each channel should be compensated prior to airiving at the receiver. In this 
embodiment it is preferable that the average dispersion in the first and third series of blocks 
of the system be between -1 and -3 ps/nm-km and that the average dispersion slope for the 
block be between -0.01 and 0.01 ps/nm 2 -km. Figure 8 also illustrates the case where the 
compensating fiber is situated in the center of the block, rather than the end, which is the 
case for the dispersion map shown in Figure 6. 

It is also contemplated that a last span may be introduced into the system between 
the last block and the receiver when the total dispersion products in the individual blocks 
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are not substantially zero at the end wavelengths and all of the wavelengths in the 
transmission range. The last span would compensate for this significant accumulated 
dispersion. Alternatively, some or all of the dispersion may be compensated by arranging a 
first span (not shown) between the transmitter and the first block, in which case the span 
may also be used to shape the pulses. 

It is also contemplated that in the embodiment of Figure 7, the number of spans, N 
and O respectively, in the first and third series may be either zero or greater than zero as 
long as their sum is greater than or equal to two. In other words, the second series may be at 
either end of the block or somewhere between the ends. 

A method of transmitting an optical signal between a transmitter and receiver in a 
wavelength range bounded by the end wavelengths and including a substantially central 
wavelength between the end wavelengths is also contemplated. A series of consecutive 
blocks of optical fiber, such as the consecutive blocks described in the above embodiments, 
is prpvided. An optical signal is then transmitted from the transmitter to the receiver via the 
series of consecutive blocks. Advantageously, the optical signal benefits from the 
compensation of the dispersion, not only at the substantially central wavelength, but at the 
end wavelengths also. 

The preferred embodiments have been set forth herein for the purpose of illustration. 
However, this description should not be deemed to be a limitation on the scope of the 
invention. Accordingly, various modifications, adaptations, and alternatives may occur to 
one skilled in the art without departing from the scope of the claimed inventive concept. 
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WHAT IS CLAIMED IS: 

1. An optical transmission system including optical fiber, the optical transmission 
system transmitting in a predetermined wavelength range bounded by a first wavelength and 
a second wavelength and having a substantially central wavelength, the system comprising: 

a series of consecutive blocks of optical fiber, the consecutive blocks optically 
coupled to each other, wherein each consecutive block of optical fiber comprises: 

a first series of N spans of optical fiber optically coupled to each other, where 
N> zero, the spans of the first series arranged consecutively; 

a second series of M spans of optical fiber optically coupled to each other, 
where M> zero, the spans of the second series arranged consecutively; and 

a third series of O spans of optical fiber optically coupled to each other, 
where 0> zero and N+0> 2, the spans of the third series arranged consecutively, the first, 
second, and third series arranged consecutively; 

wherein the individual dispersion products of the first, second, and third 
series are substantially not zero at each of the first, substantially central, and second 
wavelengths, and the sum of the dispersion products of the first, second, and third series is 
substantially zero at each of the first, substantially central, and second wavelengths. 

2. The optical transmission system of claim 1, wherein each of the spans of the first 
and third series comprises a single mode fiber with a positive dispersion at the substantially 
central wavelength and a slope compensating fiber with a negative dispersion at the 
substantially central wavelength, each of the spans of the second series comprises 
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substantially only a single mode fiber with positive dispersion at the substantially central 
wavelength. 

3. The optical transmission system of claim 2, wherein each of the spans of the first 
and third series further comprises an intermediate fiber between and optically coupling 
respective single mode and slope compensating fibers, the intermediate fiber reducing splice 
loss between the respective single mode and slope compensating fibers. 

4. The optical transmission system of claim 2, wherein each span of the first and third 
series has the same dispersion product at the substantially central wavelength. 

5. The optical transmission system of claim 1, wherein each of the spans of the first 
and third series comprises a first fiber with a positive dispersion at the substantially central 
wavelength and a second fiber with a negative dispersion at the substantially central 
wavelength, and wherein each of the spans of the second series consists essentially of a 
single mode fiber with a negative dispersion at the substantially central wavelength. 

6. The optical transmission system of claim 5, wherein each of the spans of the first 
and third series further comprises an intermediate fiber between and optically coupling 
respective first and second fibers, the intermediate fiber reducing splice loss between the 
respective first and second fibers. 

7. The optical transmission system of claim 5, wherein each span of the first and third 
series has the same dispersion product at the substantially central wavelength. 
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8. The optical transmission system of claim 2, wherein one of O and N is equal to zero, 
and the other of O and N is in the range of 7 to 10. 

9. The optical transmission system of claim 5, wherein one of O and N is equal to zero, 
and the other of O and N is in the range of 7 to 10. 

1 0. The optical transmission system of claim 2, wherein each span of the first and third 
series has a fiber length in the range of 20-100 km, and each block of the consecutive blocks 
has a fiber length in the range of 300-700 km. 

11. The optical transmission system of claim 5, wherein each span of the first and third 
series has a fiber length in the range of 20-100 km, and each block of the consecutive blocks 
has a fiber length in the range of 300-700 km. 

12. The optical transmission system of claim 2, wherein the sum of the dispersion 
products of the first and third series is between -300 and -3000 ps/nm. 

13. The optical transmission system of claim 12, wherein the sum of the dispersion 
products of the first and third series is between -800 and -1500 ps/nm. 



1 4. The optical transmission system of claim 5, wherein the sum of the dispers: 
products of the first and third series is between 300 and 3000 ps/nm. 
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15. The optical transmission system of claim 14, wherein the sum of the dispersion 
products of the first and third series is between 800 and 1500 ps/nm. 

16. The optical transmission system of claim 1, wherein the first and second 
wavelengths are both within the range of 1500 to 1630nm. 

17. The optical transmission system of claim 1, further comprising: 

a transmitter optically coupled to a first block of the series of consecutive blocks, 
wherein the transmitter launches an optical signal into the first block; 

a receiver optically coupled to a last block of the series of consecutive blocks, 
wherein the receiver receives the optical signal from the last consecutive block; and 

a plurality of optical amplifiers, each optical amplifier being positioned before each 
span in the respective blocks of the series of consecutive blocks, wherein each of the optical 
amplifiers amplifies an optical signal transmitted into the respective spans. 

1 8. The optical transmission system of claim 1 , further comprising: 

a transmitter optically coupled to a first block of the series of consecutive blocks, 
wherein the transmitter launches an optical signal into the first block; and 

a receiver optically coupled to a last block of the series of consecutive blocks, 
wherein the receiver receives the optical signal from the last consecutive block. 

19. The optical transmission system of claim 18, further comprising: 

at least one first set of spans of fiber arranged between the transmitter and a first 
block and optically coupling the first block and the transmitter. 
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20. The optical transmission system of claim 1 9, wherein the at least one first set of 
spans has a fiber length of between 0 and 50 km. 

21 . The optical transmission system of claim 1 8, further comprising: 

at least one last span of fiber arranged between the receiver and a last block and 
optically coupling the last block and the receiver, wherein the sum of the dispersion 
products of the blocks of the series of blocks and the at least one last span is substantially 
zero at a wavelength between the first and second wavelength. 

22. The optical transmission system of claim 2 1 , wherein the length of the at least one 
last span is less than 1 00 km. 

23. An optical transmission system including optical fiber, the optical transmission 
system transmitting in a predetermined wavelength range bounded by a first wavelength and 
a second wavelength and having a selected wavelength and a substantially central 
wavelength, the system comprising: 

a series of consecutive blocks of optical fiber, the consecutive blocks optically 
coupled to each other, wherein each consecutive block of optical fiber comprises: 

a first series of N spans of optical fiber optically coupled to each other, where 
N> zero, the spans of the first series arranged consecutively; 

a second series of M spans of optical fiber optically coupled to each other, 
where M£ zero, the spans of the second series arranged consecutively; and 
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a third series of O spans of optical fiber optically coupled to each other, 
where 0> zero and N+0> 2, the spans of the third series arranged consecutively, the first, 
second, and third series arranged consecutively; 

wherein the individual dispersion products of the first, second, and third 
series are substantially not zero at the substantially central wavelength, the sum of the 
dispersion products of the first, second, and third series is substantially zero at the selected 
wavelength, and the average dispersion slope in each block at the selected wavelength is 
between -0.01 and 0.01 ps/nin 2 -km. 



1 0 24 - Tlie optical transmission system of claim 23, wherein the selected wavelength is the 

substantially central wavelength. 



25. The optical transmission system of claim 23, further comprising: 

at least one last span of fiber arranged between the receiver and a last block and 
optically coupling the last block and the receiver, wherein the sum of the dispersion 
products of the blocks of the series of blocks and the at least one last span is substantially 
zero at a wavelength between the first and second wavelength. 



20 



26. The optical transmission system of claim 25, wherein the length of the at least one 
last span is less than 100 km. 
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27. The optical transmission system of claim 23, wherein each of the spans of the first 
and third series comprises a single mode fiber with a positive dispersion at the substantially 
central wavelength and a slope compensating fiber with a negative dispersion at the 
substantially central wavelength, each of the spans of the second series comprises 
substantially only a single mode fiber with positive dispersion at the substantially central 
wavelength. 



28. The optical transmission system of claim 27, wherein each of the spans of the first 
and third series further comprises an intermediate fiber between and optically coupling 
respective single mode and slope compensating fibers, the intermediate fiber reducing splice 
loss between the respective single mode and slope compensating fibers. 

29. The optical transmission system of claim 27, wherein each span of the first and third 
series has the same dispersion product at the substantially central wavelength. 

30. The optical transmission system of claim 23, wherein each of the spans of the first 
and third series comprises a first fiber with a positive dispersion at the substantially central 
wavelength and a second fiber with a negative dispersion at the substantially central 
wavelength, and wherein each of the spans of the second series consists essentially of a 
single mode fiber with a negative dispersion at the substantially central wavelength. 

31 . The optical transmission system of claim 30, wherein each of the spans of the first 
and third series further comprises an intermediate fiber between and optically coupling 
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respective first and second fibers, the intermediate fiber reducing splice loss between the 
respective first and second fibers. 

32. The optical transmission system of claim 30, wherein each span of the first and third 
series has the same dispersion product at the substantially central wavelength. 

33. The optical transmission system of claim 27, wherein one of O and N is equal to 
zero, and the other of O and N is in the range of 7 to 10. 

34. The optical transmission system of claim 30, wherein one of O and N is equal to 
zero, and the other of O and N is in the range of 7 to 10. 

» 

35. The optical transmission system of claim 27, wherein each span of the first and third 
series has a fiber length in the range of 20-100 km, and each block of the consecutive blocks 
has a fiber length in the range of 300-700 km. 

36. The optical transmission system of claim 30, wherein each span of the first and third 
series has a fiber length in the range of 20-100 km, and each block of the consecutive blocks 
has a fiber length in the range of 300-700 km. 

37. The optical transmission system of claim 27, wherein the sum of the dispersion 
products of the first and third series is between -300 and -3000 ps/nm. 
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38. The optical transmission system of claim 37, wherein the sum of the dispersion 
products of the first and third series is between -800 and -1500 ps/nm. 

39. The optical transmission system of claim 30, wherein the sum of the dispersion 
5 products of the first and third series is between 300 and 3000 ps/nm. 

40. The optical transmission system of claim 39, wherein the sum of the dispersion 
products of the first and third series is between 800 and 1500 ps/nm. 



10 41. The optical transmission system of claim 23, further comprising: 

a transmitter optically coupled to a first block of the series of consecutive blocks, 

wherein the transmitter launches an optical signal into the first block; and 

a receiver optically coupled to a last block of the series of consecutive blocks, 

wherein the receiver receives the optical signal from the last consecutive block. 

15 

42. The optical transmission system of claim 41, further comprising: 

at least one first set of spans of fiber arranged between the transmitter and a first 
block and optically coupling the first block and the transmitter. 



20 



43. The optical transmission system of claim 42, wherein the at least one first set of 
spans has a fiber length of between 0 and 50 km. 
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44. The optical transmission system of claim 41, further comprising: 

at least one last span of fiber arranged between the receiver and a last block and 
optically coupling the last block and the receiver, wherein the sum of the dispersion 
products of the blocks of the series of blocks and the at least one last span is substantially 
5 zero at a wavelength between the first and second wavelength. 

45. The optical transmission system of claim 25, further comprising: 

a transmitter optically coupled to a first block of the series of consecutive blocks, 
wherein the transmitter launches an optical signal into the first block; 
10 a receiver optically coupled to a last block of the series of consecutive blocks, 

wherein the receiver receives the optical signal from the last consecutive block; and 

a plurality of optical amplifiers, each optical amplifier being positioned before each 
span in respective consecutive blocks, wherein each of the optical amplifiers amplifies an 
optical signal transmitted into a respective span. 

15 

46. The optical transmission system of claim 25, wherein the first and second 
wavelengths are both within the range of 1500 to 1630nm. 



47. A method of transmitting an optical signal between a transmitter and a receiver in a 
predetermined wavelength range bounded by a first wavelength and a second wavelength 
and having a substantially central wavelength, the method comprising: 

providing a series of consecutive blocks of optical fiber that are optically coupled to 
each other; wherein each consecutive block of optical fiber comprises: 
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a first series of N spans of optical fiber optically coupled to each other, where 
N> zero, the spans of the first series arranged consecutively; 

a second series of M spans of optical fiber optically coupled to each other, 
where M> zero, the spans of die second series arranged consecutively; and 

a third series of O spans of optical fiber optically coupled to each other, 
where 0> zero and N+0> 2, the spans of the third series arranged consecutively, the first, 
second, and third series arranged consecutively; 

wherein the individual dispersion products of the first, second, and third 
series are substantially not zero at each of the first, substantially central, and second 
wavelengths, and the sum of the dispersion products of the first, second, and third series is 
substantially zero at each of the first, substantially central, and second wavelengths; and 

transmitting the optical signal from the transmitter via the series of consecutive 
blocks to the receiver. 

48. A method of transmitting an optical signal between a transmitter and a receiver in a 
predetermined wavelength range bounded by a first wavelength and a second wavelength 
and having a substantially central wavelength, the method comprising: 

providing a series of consecutive blocks of optical fiber that are optically coupled to 
each other, wherein each consecutive block of optical fiber comprises: 

a first series of N spans of optical fiber optically coupled to each other, where 
N> zero, the spans of the first series arranged consecutively; 

a second series of M spans of optical fiber optically coupled to each other, 
where M£ zero, the spans of the second series arranged consecutively; and 
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a third series of O spans of optical fiber optically coupled to each other, 
where 0> zero and N+0> 2, the spans of the third series arranged consecutively, the first, 
second, and third series arranged consecutively; 

wherein the individual dispersion products of the first, second, and third 
5 series are substantially not zero at the substantially central wavelength, the sum of the 

dispersion products of the first, second, and third series is substantially zero at the selected 
wavelength, and the average dispersion slope in each block at the selected wavelength is 
between -0.01 and 0.01 ps/nm 2 -km; and 

transmitting the optical signal from the transmitter via the series of consecutive 
10 blocks to the receiver. 
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